© Altshuller G.S., Shapiro R.B., 1956
ABOUT THE PSYCHOLOGY OF INVENTIVE CREATIVITY
// Questions of psychology, № 6, 1956. - p. 37-49

The study of the psyche of a person who improves the means of labor is of great importance for the study and understanding of the laws of technical creativity - the basis of technical progress.

Unfortunately, there is an obvious gap between the tremendous importance of technical creativity and the attention that has been given to it in psychological science so far. Suffice it to say that the only monograph on this issue in Soviet psychological literature is the book by P.M. Jacobson's "The Process of the Inventor's Creative Work" - was published back in 1934 [7]. Due to the lack of other studies, the book by P.M. Yakobson, in spite of the author's incorrect initial positions, had and continues to exert a serious influence on the presentation of issues of the psychology of technical creativity in the courses of general psychology, in monographs devoted to the organization of the work of scientific workers, and, finally, in popular science literature.

This work is based on the formal-chronological system of classification of the stages of the creative process put forward by D. Rosman [8].

Instead of investigating the internal laws of the inventor's creative work, D. Rosman and P.M. Yakobson put an equal sign between such different in their psychological nature processes as the stage of finding a solution and the stage of technical design of the invention. This is due to the fact that neither D. Rosman nor P.M. Jacobson did not reveal the peculiarities of technical creativity in general and inventive creativity in particular. The main fundamental questions of the psychology of inventive creativity remained unresolved, instead of investigating which the authors operated with such names devoid of concrete scientific content as "enlightenment", "enlightenment", "guess", "birth", "nurturing", etc.

The corresponding sections of the monograph by K.G. Voblogo "Organization of work of a scientific worker". "At the preliminary stage of the creative process," writes KG Voblyi, "one can distinguish between such stages - preparation, gestation, maturation and insight. In the daily stream of thoughts, these stages often overlap" [2; 123-124]. It is interesting to note that this "analysis" is by no means a step forward in comparison with T. Ribot's statement made more than 50 years ago: "When this hidden work is sufficiently completed, the idea of ​​a solution appears suddenly, due to deliberate mental stress or at some some mental remark, as if lifting the veil behind which the image of the proposed solution was hidden "[5; 228].

These views are based on the theory of "constructive intelligence" put forward by A. Ben, which reduces the entire variety of processes of technical creativity to a "thought experiment" conducted according to the "rule of trial and error." The influence of this theory manifested itself even in such a major work as "Foundations of General Psychology" by S.L. Rubinstein: "When a point requiring rationalization, change, the introduction of something new is found, noticed, realized and, as it were, stuck in the mind of the inventor, a kind of process of pulling down to this point and absorbing into it a variety of observations and all kinds of knowledge that comes to his mind: all these observations and facts seem to be trying on the central point and correlate with the problem that possesses the inventor's thought, and a lot of sometimes the most unexpected comparisons appear in his head "[6, 576].

At the same time, S. L. Rubinshtein was the first to correctly point out the characteristic features of inventive creativity: "The specificity of an invention that distinguishes it from other forms of creative intellectual activity is that it must create a thing, a real object, a mechanism or a device that allows This determines the originality of the inventor's creative work: the inventor must introduce something new into the context of reality, into the real course of some activity. This is something essentially different from solving a theoretical problem in which a limited number of abstractly defined conditions must be taken into account. This reality is historically mediated by human activity, technology: it embodies the historical development of scientific thought. Therefore, in the process of invention, one must proceed from the context of reality, into which something new is required to be introduced, and take into account the corresponding scientific context. the physical nature of various links in the process of invention "[6; 575].

This definition, however, is not entirely accurate. For, for example, an architect has to create a "real object", introduce something new "into the context of reality" and take into account the "appropriate scientific context".

Due to this inaccuracy, a very fruitful and valuable idea actually passed unnoticed: in the widespread school textbooks, to this day, only creativity "in general" is spoken of.

The psychology of creativity is one of the most underdeveloped areas of psychological science.

Creativity is a complex process, the patterns of which are diverse and elusive. But the specificity of inventive creativity to a certain extent simplifies the task of the researcher. The results of creativity in art depend not only on the objective reality that the work of art reflects, but also on the author's worldview, on his aesthetic ideals and on many, even accidental, reasons. Inventive creativity is associated with a change in technology that develops according to certain laws. The creation of new means of labor must, regardless of the subjective attitude to this, obey objective laws. Representation in art, generally speaking, can be largely divorced from reality (for example, in fairy tales, legends, myths). Any technical problem cannot be solved otherwise than in accordance with the laws of science and depending on the laws of the development of technology.

The study of the psychology of inventive creativity cannot be carried out in isolation from the study of the basic laws of the development of technology. The activity of the inventor is aimed at creating new technical objects, the inventor is a participant in technical progress. Therefore, the psychology of inventive creativity becomes understandable only with a deep knowledge of the laws of technology development. The foregoing, of course, does not mean that a researcher should only study the mechanism of technical progress. The peculiarity of the psychology of inventive creativity as a scientific discipline lies in the need to simultaneously take into account the objective laws of technical development and subjective, psychological factors. The psychology of inventive creativity is primarily a department of psychological science. Therefore, in the center of her attention is the mental activity of an inventor, a person who perfects and complements technology. The psychology of inventive creativity serves as a bridge between the subjective world of the human psyche and the objective world of technology, and therefore, in the study of inventive creativity, it should take into account the laws of development of technology.

The process of creating an invention has two sides: material-object and mental. To identify the material-subject side of invention, it is necessary to know the history of the development of technology, an understanding of the basic laws of technical progress. The study of materials on the history of technology, the analysis of specific inventions are one of the most important sources of the psychology of technical creativity.

To identify the psychological laws of invention, it is necessary to systematically observe the process of creative work of inventors, generalize the experience of innovators, and experimentally study the process of inventive creativity by setting up experiments in conditions as close as possible to reality.

We have been working in this direction since 1948. We have studied numerous materials on the history of technology, extensive memoir literature relating to the work of major inventors. Descriptions of inventions included in the Code of Inventions of the Soviet Union, as well as patent literature of foreign countries were systematically studied. Special attention was paid to generalizing the experience of innovators in the leading enterprises of Soviet industry. We also used the results of our own observations of the creative work of inventors and rationalizers of the oil industry in Azerbaijan. The findings were tested in practice at two machine-building plants, at the Vano Sturua cracking plant and at field N8 of the Leninneft Oilfield Directorate.

For a correct understanding of the conclusions obtained, it is necessary to familiarize oneself with the basic laws of the development of technology. These patterns are complex and diverse. Since their presentation is not included in the task of our article, we will restrict ourselves only to the information necessary to understand the essence of the creative process.

K. Marx in "Capital" gave the structural and functional characteristics of machines: "Any developed set of machines (entwickelte Maschinerie) consists of three essentially different parts: a machine-engine, a transmission mechanism, and finally, a machine-tool, or a working machine. acts as the driving force of the whole mechanism.It either generates a driving force itself, like a steam engine, a caloric engine, an electromagnetic machine, etc., or receives an impulse from the outside, from some ready-made force of nature, like a water wheel from falling water, a wing windmill from the wind, etc. The transmission mechanism regulates the movement, changes, if necessary, its shape, for example, turns it from perpendicular to circular, distributes it and transfers it to working machines. Both of these parts of the mechanism exist only to set in motion working machine, thanks to which the latter captures the object of labor and expediently changes it "[1; 378-379].

There is a certain ratio between the main components of the machine - the working body, the transmission mechanism (transmission) and the engine, for all these parts are in close interconnection and interdependence. Biologists have long known the law that Darwin called the law of the ratio of growth: a change in individual parts of an organic being is always associated with a change in its other parts. This law is a special case of the well-known thesis of Marxist dialectics on the universal interconnection of phenomena. The interdependence of the individual component parts of a machine in the process of its development is another particular case of the universal law of dialectics.

The presence of a relationship between the main components of the machine leads to the fact that the development of one or another part is possible only up to a certain limit - until contradictions arise between the changed part of the machine and its other parts that have remained unchanged. So, for example, even a simple "increase in the size of a working machine and the number of its simultaneously operating tools requires a larger motor mechanism ... Already in the 17th century, an attempt was made to set in motion two runners and two stands by means of one water wheel. But an increase in the size of the transmission the mechanism came into conflict with the insufficient power of water ... "[1; 382-383]. The contradictions that have arisen between the individual parts of the machine are a brake on overall development, for further improvement of the machine is impossible without making changes to its corresponding parts, without radically improving their properties.

Here are the main facts from the history of the bicycle. In 1813 the Austrian forester Drez built a "running machine" - the prototype of the modern bicycle. In Western Europe, there were no well-known designs by the remarkable Russian mechanics L. Shamshurenkov and I.N. Kulibin had self-propelled carriages, and the first Drez bicycles lacked what the carriages of Russian inventors had - a transmission: when riding, it was necessary to push off with your feet from the ground. Without the transmission, further improvement of the working bodies (wheels) and controls did not make sense and, thus, a funny toy, not a means of transportation, turned out. Only the introduction of pedals mounted on the axle of the front wheel opened up the possibilities for improvement in the bicycle. The pedals made it possible to increase the speed of movement, but with the increase in speed, the danger of driving increased due to imperfect controls. The invention of brakes (1845) eliminated the obstacle: it became possible to further develop the working body, increasing the diameter of the drive wheel and thereby increasing the distance traveled by the bicycle in one pedal rotation. The diameter of the front wheel is increasing from year to year: there are "spider" bicycles with a huge front wheel. Finally, the quantitative path of development has exhausted its possibilities: a further increase in the diameter of the drive wheel sharply increased the danger of cycling. The contradiction that arose was eliminated by changing the transmission - the use of a chain drive, which made it possible to obtain high speed not due to the large diameter of the wheel, but by increasing the number of revolutions. The improvement of the transmission again opened up the scope for the development of working bodies: in 1890, pneumatics were introduced. The resulting increase in travel speed necessitated a new change in the transmission - the use of a freewheel mechanism. This is how the modern bicycle was created.

Even a cursory sketch of its development allows us to draw the following conclusions:

1. Individual elements of a machine, mechanism, process are always closely related.

2. Development is uneven: some elements outrun others in their development, lagging behind.

3. The planned development of the system (machine, mechanism, process) is possible until the contradictions between the more perfect element and its lagging parts arise and become aggravated.

4. This contradiction is a brake on the overall development of the entire system. Elimination of the contradiction that has arisen is an invention.

5. A radical change in one part of the system necessitates a number of functionally determined changes in other parts of it.

Consequently, every creative solution to a new technical problem - regardless of which field of technology it belongs to - includes three main points:

1. Statement of the problem and definition of the contradiction, which prevents the solution of the problem in the usual ways, already known to technology.

2. Elimination of the cause of the contradiction in order to achieve a new - higher - technical effect.

3. Bringing other elements of the improved system in accordance with the changed element (the system is given a new form corresponding to the new entity).

Accordingly, the process of creatively solving a new technical problem usually includes three stages - different in purpose and method - which we will conventionally call analytical, operational and synthetic.

The analytical stage aims to analyze the development of a given machine, mechanism, process (or, in a broader case, a branch of technology) in order to identify the main contradiction at this stage and determine the immediate (physical, chemical, etc.) cause of this contradiction. The operational stage consists in a systematic and expedient directed study of possible ways to eliminate the discovered cause of the contradiction. The synthetic stage is aimed at introducing additional changes into the remaining elements of the system arising from the found way to eliminate this technical contradiction.

The creative work of the inventor begins already at the first stage of the analytical stage - when choosing a problem. The opinion of S.L. Rubinstein that an inventor must develop a tendency to look closely at what "can be changed, altered, improved." All weapons and equipment can be changed and improved without exception - nothing is immutable. The task of the inventor is not a mechanical choice of a topic, which accidentally fell on the eye, but in a creative study of the dynamics of the development of a certain system and in identifying the problem that is decisive at this stage, which is a brake on overall development.

This is especially typical for Soviet inventions, which are associated with planned production. Modern production, especially specialized production, consists of a series of sequential and interrelated processes. The total production capacity of an enterprise is usually limited by one of these processes - the "bottleneck" of the entire production. When inventors haphazardly deal with everything that "can be changed, altered, improved", an excess supply of production capacity is formed in certain areas of production, which remains unused due to a "bottleneck" that slows down overall development.

The experience of the inventors and innovators of the Baku Metallic Oil Refinery is of considerable interest. The production process at this plant requires the coordinated work of all departments. Initially, the rationalization of production was carried out here by each innovator in his production area. At the same time, despite the large number of introduced innovations, the total production capacity of the plant has hardly increased. For example, the innovators of the welding shop have made significant improvements in the design of automatic welding machines. This made it possible to speed up the welding process. When the machine was running, more products were produced per unit of time. But at the same time, the downtime of the machine also increased, due to the fact that the productivity of the procurement department remained the same. In this regard, at the beginning of 1948, a systematic survey of the plant was carried out to identify "bottlenecks" that hinder the development of the entire production. This made it possible to identify and formulate the most urgent problems, on the planned and consistent solution of which the efforts of the entire team of inventors and innovators were subsequently directed. As a result, for the period from 1948 to 1955, labor productivity at the plant increased 8 times.

The second stage of the analytical stage is the identification of the main link of the problem. When solving each specific technical problem, it is necessary from all the characteristics of a machine, mechanism, process to select that characteristic (link), the change of which is necessary and sufficient to achieve the required technical effect.

The work of the famous English inventor James Watt on the creation of an improved steam engine can serve as a classic example of the correct identification of the main link in the problem. Setting the task of creating such a machine, Watt analyzed in detail all the characteristics of the steam engines that existed at that time. These engines had a number of significant drawbacks: the bulkiness and explosion hazard of the boiler plant, huge heat losses in the engine cylinder, imperfect transmission. Watt correctly identified the main link in the problem - reducing heat losses in the engine cylinder and, consequently, increasing the overall efficiency of the entire machine. Improvement of this characteristic achieved by Watt made it possible to create a steam engine of sufficiently high power. Subsequently, Watt set a new task - to make the steam engine a universal engine. The power of the improved steam engine fully met the requirements of practice. And therefore, the main link was now the improvement of the transmission, which was adapted only to the transmission of the reciprocating motion rarely used in practice. By changing this basic link of the task, by creating a transmission capable of transmitting circular motion, Watt achieved the required engine versatility.

Choosing a problem and determining its main link is only the first half of the analytical stage of the creative process. When trying to solve the problem by already known technical means, contradictions arise that prevent the achievement of the required technical effect. Revealing the decisive contradiction is the third stage of the analytical stage.

For example, an attempt to increase the efficiency of a boiler plant by introducing additional screens and economizers leads to a heavier unit and an increase in metal consumption for its construction. Trying to improve one of the indicators using the usual methods, we simultaneously worsen other indicators: "To some extent, the desire to reduce this weight (saving metal) and the desire to increase efficiency (fuel economy) contradict each other. The resolution of this contradiction is one of the most important factors in the progressive development of boiler technology ... "[4; 146].

The revealed contradiction is obviously a consequence of certain reasons. The task of the last - fourth - stage of the analytical stage of the creative process is to determine the immediate (mechanical, chemical, etc.) cause of the contradiction. Let's give an example. The last stage of the factory production of dial instruments is checking them by comparing them with a verified reference sample. The devices are placed side by side and the controller checks the coincidence of the readings at several points on the scale. Obviously, in order to increase the accuracy of control, it is necessary to take as many control points as possible, and this leads to a decrease in the rate of verification, to a decrease in the productivity of the controller. If we want to win exactly, we lose in control speed. The immediate cause of the contradiction is the physical impossibility of combining the scales of the two devices: the controller has to shift his gaze from one device to the other, but he needs to see both at the same time. In this case, the contradiction is eliminated by the introduction of a binocular system that optically aligns the dials of the instruments and allows you to quickly and accurately check the coincidence of the readings of both instruments throughout the entire scale.

The analytical stage is the most "logical" part of the creative process. For an experienced inventor, it is a logical sequence of judgments, the starting point of which is historical, statistical, technical, economic and other facts. And only in rare cases, when at some stage there is not enough factual material, it is necessary to set up a few and always purposeful experiments.

At the same time, the analytical stage is an extremely important part of the creative process. In many cases, a correctly conducted analysis allows you to immediately eliminate the cause of a technical contradiction or to extremely facilitate the next - operational - stage of the creative process.

What determines the success of creative work at its analytical stage? Knowledge of the field of technology under study, understanding of the dialectical laws of its development, the availability of all factual information necessary for analysis and the ability to conduct logical analysis. Consequently, the development of inventive abilities requires constant training of analytical skills. Before moving on to operations on living people, the surgeon trains for a long time in the anatomical theater. Likewise, the inventor must systematically review prior inventions. Knowledge of the history of technology, the ability to represent each branch of technology in change and development is also very important. Finally, the very amount of technical knowledge, the amount of factual material available, is also important.

The second part of the creative process - the operational stage - is very different from the first. In most cases, the operational stage is a combination of logical operations with non-logical operations. Here the inventor has to search, try, or, using an old and not quite accurate term, conduct a "thought experiment", which, it must be emphasized, prevails only at the operational stage of creativity. And most importantly, it is by no means haphazard. If the "thought experiment" were "the process of pulling to this point and absorbing the most diverse information into it" (S. L. Rubinstein), then the creative solution of each technical problem would take many years. Work at the operational stage of the creative process by each more or less experienced inventor is carried out in a planned manner. As a result of long-term practice, inventors gradually develop their own, often not entirely conscious, but objectively rational system of searches. The analytical stage of the creative process greatly simplifies these searches: the inventor is looking not for an abstract "idea", but for concrete ways to eliminate a specific technical contradiction.

In our opinion, the most rational is the system in which the search for a way to eliminate the cause of a technical contradiction is carried out in the following sequence:

1. Research of typical solutions (prototypes):

a) the use of natural prototypes,
b) the use of prototypes from other areas of technology.

2. Search for new methods of solution by means of changes:

a) within the system,
b) in the external environment,
c) in adjacent systems.

With this sequence, searches go from simple to complex, which allows you to get the right solutions with minimal effort and time.

In many cases, the technical contradictions that one has to face in the process of creative work have direct analogies in nature and technology. Therefore, it is advisable, first of all, to investigate similar contradictions and typical ways to eliminate them. This often allows the use of natural or technical prototypes to eliminate the cause of a given technical contradiction.

Here are some examples. During the First World War, ships began to use hydrophones - devices for listening to the noise of submarine propellers. These hydrophones could only be used by stopping the ship or slowing down greatly: the sounds created by the flow of water at the receiving hole of the hydrophone drowned out everything else. One of the engineers who worked on improving the hydrophone knew that seals can hear perfectly even at the fastest underwater speed. At the suggestion of this engineer, a hydrophone was built with a receiving hole similar in shape to the auricle of a seal. As a result, audibility improved significantly, and it became possible to use hydrophones when the ship was moving.

In 1933, the USSR invented a device for parachute-free dropping of cargo from an aircraft (copyright certificate N 41356). When solving the problem, the inventor used the well-known property of maple seeds, which, when dropped, level out and slowly glide, making a rotational movement. The device he built, reproducing the shape of a maple seed, when dropped from an airplane, smoothly descended, rotating around its center of gravity.

A typical example of the use of technical prototypes is the work of the designer E.V. Kostychenko (machine-building plant) to solve the problem of increasing the wear resistance of the valves of deep-well pumps. Submersible pumps that extract oil from wells quickly fail due to the fact that the valves are worn out by the sand contained in the oil. Attempts to increase the service life of valves by using hard alloys did not give positive results: the stability of the valves increased, but at the same time, the difficulties in processing and manufacturing such valves increased sharply, and their cost increased. To eliminate this contradiction, E.V. Kostychenko used a technique known in another branch of mechanical engineering. For a long time, self-sharpening cutters have been used in metal processing, in which the outer layers are made of soft metal. During work, these layers are uniformly grinded, and the overall shape of the cutting edge is maintained. Having made some of the valve parts from soft metal, the inventor ensured that they wear evenly, as a result of which the valve shape remains even in cases where the parts have already worked 9/10. At present, over 100 thousand pumps with valves E.V. Kostychenko.

The use of natural or technical prototypes cannot, of course, be limited to simple copying. Natural and technical prototypes are the result of a long and unceasing development. Borrowing this or that solution from nature and technology, the inventor develops it, bringing it to its logical conclusion.

In cases where the study of natural and technical prototypes does not give a positive result, the inventor proceeds to the next stage of the operational stage - the search for new solutions. At the same time, first of all, possible changes in the system itself are investigated. This is the usual group of the most basic changes. In some cases, to eliminate the cause of a technical contradiction, it is enough to change only the dimensions, materials, the order of interconnection of individual parts of the system. A typical example is the creation of a cutting machine with an extended bar. The standard bar used by the cutter to cut the coal seam has a length of 2 m. The coal is broken off with the help of explosives. Under favorable geological conditions, it is possible to use cutting machines with a bar 3-5 m long. An increase in the depth of the cut leads to the fact that the coal collapses following the movement of the cutting machine: when settling, the coal breaks up into large transportable pieces. A quantitative change - an increase in the bar length - thus gives a new qualitative effect: the need for drilling and blasting operations is eliminated.

A significant group is made up of changes in the external environment. When investigating the feasibility of making such changes, the inventor must study the external - for a given system - environment with its influence on the system. In particular, consideration should be given to the possibility of changing the parameters of the medium (for example, pressure, temperature, speed) or replacing this medium with another with more favorable characteristics. Often, a simple transition from one environment to another or the introduction of additional components into the environment leads to a successful solution of the problem. So, for example, in the manufacture of concrete in conventional concrete mixers, in the concrete mass, even with prolonged mixing, a significant amount of small air bubbles remains, which reduce the strength of concrete. In this regard, the so-called vacuum method for preparing concrete was proposed. In vacuum concrete mixers, the concrete mass is mixed in a rarefied environment created inside the drum. A quantitative change in one of the parameters (pressure) of the external environment gives a new qualitative effect: the strength of concrete is doubled.

A technical contradiction can also be eliminated by making changes to adjacent systems, in adjacent parts of the machine, in other stages of the process. Sometimes it is enough to simply establish the relationship between previously independent processes. It is known, for example, that mainly direct current is used for lighting in modern film studios. This is due to the fact that the shooting frequency (24 frames per 2 sec.) Does not coincide with the frequency of industrial alternating current (50 periods per 1 sec.). When the luminaires are supplied with alternating current, the opening of the camera lens shutter may coincide with the minimum illumination, as a result of which part of the frames will turn out to be darkened. The shutter speed for each shot is typically 1 / 1000sec, so only 2.4% of the light energy incident on the lens is used useful. If the inertialess lamps are powered by current pulses synchronous and in-phase with the rotation of the lens shutter, then the light will turn on only when the lens is open. Artists will see a significantly weakened continuous light, since even at 10-16 pulses per second, the human eye perceives the light flux as continuous. Establishing the relationship between the work of the filming apparatus and the work of the lighting system gives a new technical effect - it drastically reduces energy consumption and makes the work of artists easier.

The analytical stage of the creative process almost always gives an unambiguous answer, the operational stage does not differ in such unambiguity: one and the same technical contradiction can be eliminated in different ways. Therefore, at the operational stage, the experiment no longer plays a secondary, but the main role, being in many cases a criterion for the final choice of one method or another, a technique, a scheme, etc.
Good knowledge of nature, observation, familiarity with related areas of technology, proficiency in experimental techniques - these are the qualities necessary for the successful implementation of the operational stage of the creative process.

The last - synthetic - stage of the creative process includes four stages: the introduction of functionally determined changes in the system, the introduction of functionally determined changes in the methods of using the system, checking the applicability of the resulting principle to solving other technical problems and evaluating the invention. Like the analytical one, the synthetic stage is, for the most part, a chain of logical judgments, experimentally verified, if necessary.

The found way to eliminate the technical contradiction almost always necessitates the introduction of additional changes to the system. These changes are intended to give the system a new form corresponding to the new content. Psychologically, the transition to a new form presents significant difficulties for the inventor. This is due to the fact that each system (machine, mechanism, process) is associated in the human mind with certain old and familiar forms. Therefore, even having changed the essence of the system, the inventor often retains its "traditional" form. So, for example, one of the first electric motors exactly reproduced the shape of a steam engine: the cylinder was replaced by an electromagnetic coil, and the piston was replaced by a metal rod, which, when the current was switched, made a reciprocating motion. With the help of a crank-connecting mechanism, this movement, as in steam engines, was then converted into a rotational movement. Only subsequently created electric motors with a rotating rotor, which eliminated the need for a crank-connecting mechanism.

The next stage of the synthetic stage of the creative process is to introduce changes to the methods of application of the system. The creation of every new system (or a change in the old system) necessitates finding new methods of its practical use. Let us give an example that has become classic. Previously, the designer in coal mines beat off the coal manually, the church. Periodically, they stopped the fear and secured the developed space. At the beginning of the 30s, pneumatic jackhammers appeared in the mines - a powerful coal feet. However, the work methods remained old: the outflower still periodically postponed the hammer and was engaged in fastening. As a result of irrational working methods, the overall productivity gain was small. Then a new method of organizing the labor organization was proposed: one group of designers continuously worked with jackhammers, the other was a fastener. The new method allowed to fully utilize the high productivity of jackhammers and increase coal mining to dozens of times.

Despite the obvious importance of this stage of creative work, inventors often do not pay due attention to him, providing rationalizers to purely empirically produce the most effective methods of using the new invention. As in the previous stage of the creative process, it is caused by the impact on the psyche of the inventor of olders who have become traditional working methods.

The third stage of the synthetic stage of the creative process is to check the applicability of the found method for eliminating the technical contradiction to solve other technical tasks. Sometimes the principle of the invention is even greater value than the particular invention itself, and can be successfully applied in solving other, more important tasks. At this stage, the technical horizon of the inventor is of particular importance, his acquaintance with other areas of technology, knowledge of the actual problems of various industries.

As you know, the first patent for reinforced concrete was taken in 1867 by the French gardener Monier. Without possessing a sufficient technical horizon, Monie took a patent only for the manufacture of reinforced concrete ... Flower pads.

The last stage of creative work is an assessment of the present invention. The purpose of this stage is to identify the relationship between the positive technical effect given by the invention and the costs necessary for its implementation. The value of the invention is directly dependent on the value of this relationship. In particular, if there are several solutions obtained at the operational stage, the final choice of the best option is made due to the assessment of inventions. At the same stage, inventors usually analyze the work done, seeking to identify the mistakes allowed and comprehend new creative techniques used in solving the problem.

The total course of the creative process is illustrated by the following example. In 1949, the Ministry of Coal Industry of the USSR was declared a All-Union Competition for the creation of a refrigeration costume for alpashers, which, when extinguishing underground fires, operate under high temperatures and poisoned atmosphere. In the technical conditions of the competition, the main problem of the problem was indicated - the need to provide a long refrigeration effect with a small weight of the costume (8-10 kg). The latter was due to the fact that the mountain-surfactant should carry a device for protecting the respiratory organs (12-14 kg) and tools, and the total permissible load per person should not exceed 28-29 kg.

Work on the creation of a refrigeration costume was launched by the authors of this article with the identification of the main technical contradiction. It consisted in the following. To ensure sufficient duration of the protective action of the costume, it is necessary to strive to increase the reserve of the refrigerator (ice, dry ice, freon, etc.), and therefore, increase the weight of the costume. The desire to reduce the weight of the costume inevitably causes a reduction in its duration of its action. Thus, between the two main characteristics (weight and duration of action) there was a contradiction that could not be eliminated by the techniques of conventional design. An analysis of this contradiction showed that its reason is the low weight limit set by the terms of the competition.

Investigating ways to eliminate such contradictions, we found that in other industries this is often achieved by the so-called "method of combining functions": the functions of another system are additionally transferred to this system, due to the elimination of which it appears to increase the weight of the first system. In this case, the task's solution was achieved by the transfer of the refrigerator function of the functions of the device to protect the respiratory organs. As a result, the general admission The weight of such a combined costume could be upgraded to 20-22 kg. The question of the issue predetermined the choice of refrigeration: they could only be oxygen stored in liquefied state. Cooling of the subcontular space was achieved by evaporation of oxygen and its heating, after which oxygen was used for breathing.

In the synthetic stage, functionally determined changes were made to the system: in connection with a large oxygen reserve instead of a circular (regenerative) respiratory system, an open system was applied (with an exhalation into the atmosphere), which allowed sharply simplify the design of the respiratory part of the costume. Changes were also made to the methods of using the costume. Due to the fact that the weight of the costume in the process of work is rapidly decreasing due to the evaporation of oxygen, it appeared the opportunity to initially load the suit with an additional amount of liquid oxygen, thereby increasing the duration of the costume.

Projects based on the found principles received by decision of the competition jury the first and second premiums [3].

Based on all the above, the scheme of the creative process can be represented as follows:

I. Analytical stage

1. Choosing a task.
2. Definition of the main task.
3. Detection of decisive contradiction.
4. Definition of direct cause of contradiction.

II. Operational stage

1. Investigation of typical decision techniques (Previews):

a) in nature,
b) in the technique.

2. Searches for new decision techniques by change:

a) within the system,
b) in the external environment
c) in adjacent systems.

III. Synthetic stage

1. Introduction of functionally determined changes in the system.
2. Introduction of functionally determined changes to the methods of using the system.
3. Check the applicability of the principle to solve other technical tasks.
4. Evaluation of the invention.

It must be said that the scheme we plan can only be attributed to the creative work of an experienced and highly qualified inventor. In the work of the novice inventor, as a rule, there is no sufficient logical harmony of judgments, chance, successful finds, etc., are played a major role, and vice versa, the great inventors of the past often achieved a high level of creative skill.

Inventions may be made in the process of research work. For example, the opening of X-rays and the establishment of their properties almost automatically led to a number of technical inventions based on the use of these rays. In this case, in the hands of the inventor, it turned out to be a means of eliminating many technical contradictions, and the task was in the opposite: to find these contradictions.

Our scheme is typical, but not comprehensive. Moreover, even within the applicability, it is approximate. It is still necessary to specify in many respects, deepen, and something to change this scheme.

To solve this problem, you need a further study of the relationship between the objective laws of technical progress and mental processes of technical creativity. A systematic study of the experience of rationalizers and inventors, identification and generalization of general methods of creative work is also necessary.

The formation of psychology of inventive creativity as one of the sections of psychological science is impossible without widespread use of the experimental method. The resulting conclusions should be tested not only on the material of the old inventions, but also experimentally, for the ultimate goal of the psychology of inventive creativity is practice: causing laws should be used in the development of scientific methods of work on the invention.
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